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Introduction

According to the output of RP-201385 contributed in RAN #88e meeting[1], the working scope of Rel-17 sidelink enhancement has been settled down. In details, there is a motivation to enhance resource allocation mechanism to pursue performance gain in power consumption, reliability as well as latency reduction, the exact description is captured below:

	Resource allocation enhancement:

Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]

Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.

Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.

Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]

Inter-UE coordination with the following until RAN#90.

A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.

Note: The study scope after RAN#90 is to be decided in RAN#90.

Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.

Note: RAN2 work will start after [RAN#89].


Therefore, in this contribution, we will analyze some detailed implementation of resource allocation enhancement, as well as comparison among different alternatives.
Discussion
It is known that in Rel-16 NR V2X, different communication cast types have been defined, which are broadcast, groupcast, as well as unicast. Furthermore, PC5-RRC/PC5-S signaling has been only introduced to unicast service. In detials, PC5-RRC signaling can carry the configuration of SLRB as well as peer UE’s capability information. In that case, for groupcast and broadcast, it is hard for UE to exchange some PC5-RRC configuration, such as resource pool configuration or SLRB configuration. In addition, according to the WID description, there is no intention to introduce PC5-RRC into groupcast as well as broadcast. Thus, it is reasonable to make the assumption that in Rel-17, PC5-RRC/PC5-S is still only available in unicast.

Proposal 1: In Rel-17 sidelink enhancement, PC5-RRC/PC5-S is still only introduced to unicast service.

Correspondingly, to allow inter-UE coordination, i.e., UE provide assistant resource configuration towards the other UE, it seems that the existence of PC5-RRC signaling is the fundamental. Thus, it is suggested that inter-UE coordination of resource allocation enhancement should be applied on the basis of the existence of established unicast link between two UEs, i.e. assisting UE and assisted UE.
Proposal 2:  It is suggested that inter-UE coordination of resource allocation enhancement should be applied on the basis of the existence of unicast link establishment between two UEs, i.e. assisting UE and assisted UE.

In addition, according to the email discussion output of [2] generated in RAN #96 meeting, most companies support to include inter-UE coordination into Rel-17 WI for enhancing reliability and shortening latency, instead of supporting UE assisting another UE. 
Thereafter, considering the purposes of introducing inter-UE coordination, two possible scenarios can be figured out according to the pre-request on existence of established unicast link between two UEs, as shown in the below figure:
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According to the above figure, scenario 1 described that there is a particular assisting UE, of which its responsibility is to assist other UEs for resource acquisition, it is not necessary for assisting UE and Tx UE to have unicast service data transmission and reception. The assistingUE can provide assistant information towards Tx UE on its all possible services (destinations) targeting on unicast, groupcast and broadcast. Scenario 2 described that among each pair of Tx UE and Rx UE, there should be some unicast service data exchange. Moreover, one of the two peer UEs is capable of assisting the other UE, in that case, one UE can provide assistant information to the other peer UE targeting on this particular unicast service.

After comparison, there are some disadvantages of scenario 2:

For scenario 2, between Tx UE and Rx UE, usually the link is setup due to one UE is interested to the other UEs service (destination ID) through direct communication request signaling. Thus, whether peer UE is capable of assisting other UE cannot be ensured. Correspondingly, it cannot be ensured that one peer UE can always find a assisting UE targeting on the particular unicast link.
Since one UE may have multiple unicast service, for each service, one corresponding unicast link will be set up and the peer UEs for each unicast link might be different. If more than one peer UE are capable for assisting other UE, then this UE may need to acquire assistant resource assisting information from multiple assisting UEs. Different assisting UE only provide assistant configuration targeting on its particular unicast link, thus, there might be some configuration conflict.
Besides unicast service, one UE may have other groupcast/ broadcast service, for those services, there is no way for the UE to find a assisting UE, which may result that the UE may need to acquire resources for groupcast/broadcast services via traditional mode 1/mode 2, but for unicast service via enhanced inter-UE coordination mode. In that case, dual mode coexistence issue discussed in Rel-16 is existed, which will cause some complexity.
On the other hand, based on scenario 1, some issues should also be considered.

Since it is not necessary for assistant UE and Tx UE to have unicast service data for setting up unicast link, thus, the unicast link set up procedure may somehow be different from Rel-16 procedure. The final decision may depend on SA2’s discussion output. Otherwise RAN2 can also consider whether there is any AS layer solution to solve this issue in link setup procedure.
If Tx UE is able to be aware of multiple assistant UE around it, there should be a mechanism for Tx UE to select one assistant UE for resource coordination. In this case, relay UE selection/reselection mechanism discussed in Rel-17 sidelink relay SI can be referred.
One critical point for introducing inter-UE coordination is to solve hidden node problem. For hidden node problem, more performance gain can be gotten of peer UEs are Tx UE and Rx UE, rather than assistant UE and Tx UE. In this case, inter-UE coordination working in scenario 2 can provide more system performance than scenario 1.
Therefore, RAN2 should consider which scenario to support inter UE coordination among the above mentioned two scenarios.

Proposal 3: RAN2 is suggested to discuss and decide which scenario to apply for inter-UE coordination:

Scenario 1 : One particular assistant UE should set up unicast link with other Tx UEs even there is no unicast service data transmitted between the two UEs, and the assistant UE may provide assistant configuration targeting on Tx UE’s all possible services irrespective to the cast type.

Scenario 2: Rx UE should provide assistant information towards Tx UE on the basis that they have particular unicast service transmission and reception.
Furthermore, considering the assistant information, as well as the designed purpose for increase reliability and ensuring latency requirement, several alternatives should be focused:

Alt 1: One UE perform sensing within a configured resource pool, and collect a set of available resource and signal to peer UE.

Alt 2: One UE perform sensing and collect a set of unavailable resource and signal to peer UE.

Alt 3: One UE receive the peer UE’s traffic pattern, QoS, etc and forward the information towards gNB. In the following, gNB determine the dedicated resource for the peer UE and the configuration is forwarded by the first UE.

According to our initial consideration, alternative 3 is more like a network coverage enhancement solution which should be discussed in sidelink relay. But to make a choice between option 1 or option 2, it should depend on RAN1’s simulation result on the system performance, to set the final decision. 
Observation 1: Alternative 3 is more like a network coverage enhancement solution which should be discussed in sidelink relay.

Proposal 4: Whether to include available resource set or unavailable resource set within the assistant information should depend on RAN1’s simulation result.
Conclusion
In this contribution, we have analyzed some reasonable scenarios and implementation alternatives for sidelink inter-UE coordination, a brunch of proposals and observations are given below:
Proposal 1: In Rel-17 sidelink enhancement, PC5-RRC/PC5-S is still only introduced to unicast service.

Proposal 2:  It is suggested that inter-UE coordination of resource allocation enhancement should be applied on the basis of the existence of unicast link establishment between two UEs, i.e. assisting UE and assisted UE.

Proposal 3: RAN2 is suggested to discuss and decide which scenario to apply for inter-UE coordination:

Scenario 1 : One particular assistant UE should set up unicast link with other Tx UEs even there is no unicast service data transmitted between the two UEs, and the assistant UE may provide assistant configuration targeting on Tx UE’s all possible services irrespective to the cast type.

Scenario 2: Rx UE should provide assistant information towards Tx UE on the basis that they have particular unicast service transmission and reception.
Observation 1: Alternative 3 is more like a network coverage enhancement solution which should be discussed in sidelink relay.

Proposal 4: Whether to include available resource set or unavailable resource set within the assistant information should depend on RAN1’s simulation result.
Reference
RP-201385
WID revision: NR sidelink enhancement 
LG Electronics

RP-192745
Summary of email discussion on Rel-17 sidelink enhancement
LG Electronics
3GPP


